Sustainable Water Initiative for Tomorrow (SWIFT) Wastewater Injection Project by Henifin, Ted & Bott, Charles
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People pollute Chesapeake Bay
Our History
3
Who/What is HRSD?
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• A political subdivision of the Commonwealth
• Truly a regional entity – no direct connection 
to local governments
• Governed by an 8 member Commission 
appointed by the Governor 
• Independent rate setting authority with appeal 
rights through State Corporation Commission
• Very focused mission – We protect public 
health and the waters of Hampton Roads 
by treating wastewater effectively.
• Population served: 1.6 million
• Accounts 460,000
• Average daily flow (FY 15) 151 MGD
• Aggregate plant capacity 250 MGD
• FY 16 operating budget $141 M
• FY 16 cash funded capital $40 M
• FY 16 debt service/reserve $60 M
• FY 16 Cap Ex $155M
• 10 year CIP $1.4 B
• 20 year CIP forecast $4.2 B
• Rate per CCF $4.53
HRSD by the Numbers
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• Wastewater treatment process – little control over 
quality and quantity of raw materials
– 460,000+ users discharging a wide variety of things daily
– Flow varies with users needs and weather conditions
– Must maintain flow 24/7/365 – penalties for failure to do 
this
• Exacting specifications for final product – must 
meet stringent permit requirements – penalties for 
failure to do this – little control over what those 
requirements are and how and when they change
• Processes rely heavily on biological treatment –
dialing in microbes not diodes
Challenging business proposition
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HRSD Treatment Plants
Atlantic (54 mgd )
Virginia Initiative Plant (40 mgd)
Nansemond (30 mgd)
Boat Harbor (25 mgd)
Army Base (18 mgd)
Chesapeake Elizabeth (24 mgd)
Williamsburg (22.5 mgd)
James River (20 mgd)
York River  (15 mgd)
West Point (.6 mgd)
Central Middlesex  (.025 mgd)
Urbanna (.1 mgd)
King William (.05 mgd)
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• Restoration of the Chesapeake Bay
– Harmful Algal Blooms
– Localized bacteria impairments
– Urban stormwater retrofits (cost and complexity)
• Adaptation to sea level rise
– Recurrent flooding
• Depletion of groundwater resources
– Including protection from saltwater contamination
• Wet weather sewer overflows
– Compliance with Federal enforcement action
Water issues challenging Virginia and Hampton Roads
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HRSD costs are 
rising to treat water 
to higher standards.  
Treated water 
currently 
discharged to area 
waterways – no 
beneficial use.
Current state of wastewater in Hampton Roads
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• Wastewater permits have 5 year terms
• New regulations can require extensive 
investment in new treatment processes
• Always concerned about the next issue on the 
horizon
– Viruses
– Pharmaceutical products
– Further nutrient reductions
• Technology to detect advancing much faster 
than technology to remove
• Challenging to manage appropriate risk factors
Regulatory uncertainty
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Uncertainty example:  Nutrient reductions
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WLA – Nutrient Waste Load Allocation in lbs/yr
James River Basin – TN  
• Treat water to meet 
drinking water standards 
and replenish the aquifer 
with clean water to:
– Provide regulatory stability 
for wastewater treatment
– Reduce nutrient discharges 
to the Bay
– Reduce the rate of land 
subsidence
– Provide a sustainable 
supply of groundwater 
– Protect the groundwater 
from saltwater 
contamination
SWIFT – Sustainable Water Initiative for Tomorrow
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Advanced 
Water 
Treatment
13
Advanced water treatment – to drinking water standards
• Advanced treatment used throughout 
world, many locations in USA and 
even in Virginia to produce water that 
exceeds drinking water standards
• Upper Occoquan Service 
Authority/Fairfax Water
• Loudoun Water
• Montebello Forebay, CA  1962
• El Paso, TX  1985
• Scottsdale, AZ  1999
• Orange County, CA 2008
• Arapahoe, CO  2009
• San Diego, CA  2020
Membrane based
Carbon based
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Groundwater replenishment
• Aquifer replenishment also 
done in many places 
including Virginia
– City of Chesapeake 
Aquifer Storage and 
Recovery system – over 
2.8 billion gallons pumped 
to date
Water must meet human health criteria and match existing 
groundwater geochemistry.
• Restoration of the Chesapeake Bay
– Harmful Algal Blooms
– Localized bacteria impairments
– Urban stormwater retrofits (cost and complexity)
• Adaptation to sea level rise
– Recurrent flooding
• Depletion of groundwater resources
– Including protection from saltwater contamination
• Wet weather sewer overflows
– Compliance with Federal enforcement action
Water Issues Challenging Virginia and Hampton Roads
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Impact on nutrient reductions
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SWIFT Projected TN
James River Basin – TN  Similar results with TP and TSS and in other river basins.
HRSD 
Bay TMDL
Allocations
HRSD Post 
SWIFT Loads 
(2030)
Available for
other needs
Stormwater
Reduction
Needs*
Nitrogen
James 3,400,000 500,000 2,900,000 63,039
York 275,927 25,000 250,927 19,114
Phosphorus
James 300,009 50,000 250,009 13,088
York 18,395 2,000 16,395 3,887
Sediment
James 14,000,000 700,000 13,300,000 5,269,142
York 1,400,000 98,000 1,302,000 1,413,762
Potential to offset stormwater reductions
17* DEQ Regulated Stormwater w/o federal lands
• Restoration of the Chesapeake Bay
– Harmful Algal Blooms
– Localized bacteria impairments
– Urban stormwater retrofits (cost and complexity)
• Adaptation to sea level rise
– Recurrent flooding
• Depletion of groundwater resources
– Including protection from saltwater contamination
• Wet weather sewer overflows
– Compliance with Federal enforcement action
Water Issues Challenging Virginia and Hampton Roads
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Groundwater depletion has been rapid
• Artesian wells in early 1900s – groundwater 
wells required valves not pumps!
• In about 100 years have gone from water 
levels at 31 feet above sea level to 200± feet 
below.
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Unsustainable Aquifer Withdrawals
• Over-allocated permitted 
withdrawal 
– Water levels falling several 
feet/yr
• 177 permits = 147.3 MGD
– Currently withdrawing 
approximately 115 mgd
• 200,000 unpermitted 
“domestic” wells
– Estimated to be withdrawing 
approx. 40 mgd growing at 1 
mgd per year
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Modeled Potomac Aquifer water levels with and without SWIFT
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What is the travel time of the injected water?
• Injectate migration modeling
–Could not run transient injection scenario
–MODPATH simulation using steady-state – approximately 3 ft/yr
–Glacial model simulation – approximately 27 ft/yr
–Calculated travel times from injection scenario – approximately 29 ft/yr
• Summary – “These results indicate that injected water travel times 
are relatively slow – with injected water taking approximately     
180 years to travel one mile.”
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• Restoration of the Chesapeake Bay
– Harmful Algal Blooms
– Localized bacteria impairments
– Urban stormwater retrofits (cost and complexity)
• Adaptation to sea level rise
– Recurrent flooding
• Depletion of groundwater resources
– Including protection from saltwater contamination
• Wet weather sewer overflows
– Compliance with Federal enforcement action
Water Issues Challenging Virginia and Hampton Roads
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• According to USGS
– Up to 50% of sea-level 
rise may be due to land 
subsidence
– Up to 50% of land 
subsidence may be 
due to aquifer 
compaction
Land subsidence – we are sinking
DEQ 2015
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2002
2002
2015
Evidence of groundwater impacts on subsidence
USGS found ground level
rose 32 mm between 2002
and 2015 coinciding with 
reduced groundwater 
withdrawal by Franklin 
paper mill.
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Aquifer compaction without and with SWIFT
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• Restoration of the Chesapeake Bay
– Harmful Algal Blooms
– Localized bacteria impairments
– Urban stormwater retrofits (cost and complexity)
• Adaptation to sea level rise
– Recurrent flooding
• Depletion of groundwater resources
– Including protection from saltwater contamination
• Wet weather sewer overflows
– Compliance with Federal enforcement action
Water Issues Challenging Virginia and Hampton Roads
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Sewer Overflows
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• Consent Decree
• HRSD responsible 
for regional wet 
weather flows
• Region loses less 
than 0.015% in a bad 
year
SSO Work Versus SWIFT – Volume Discharged
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(5.4)
RWWMP values: based on avoidance of 271 MG loss over 50 yeas associated
with capacity-related overflows (5 yr LOS).
SSOs 
avoided
$2.2B $1B
SSO Work Versus SWIFT – Nutrients Discharged
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(TN=1,862)
(TP=252)
Sewer Overflows
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• No chronic locations
• No data to support episodic SSOs contribute to 
local water bacteria impairment
• Recent success with more focused efforts
– Wet weather and dry weather monitoring
– Source tracking “hot spots”
– Coordinating field work with locality 
• Overflows not eliminated with Regional Wet 
Weather Plan when weather event generates 
flows above designed service level
SWIFT Approach
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• Initial feasibility study – desktop and 
modeling
• Work with regulators, policy makers and 
public to identify challenges and build 
support
• Define water quality targets
• Drill test wells at injection sites
• Pilot treatment at HRSD facility
• 1 MGD demonstration facility – treatment 
and aquifer injection
• Obtain UIC permits for full scale
Test Wells
• Nansemond Plant 1,500 ft deep
–12” Diameter
–400 ft screened (27%)
• York River Plant 2,000 ft deep
–8” Diameter
–645 ft screened (32%)
• More coarse sand than predicted
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The SWIFT Pilot
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Pilot Plants
Floc/Sed Ozone BAC GAC
UV
Existing 
Discharge
FeCl3
NaOCl
NaOH
O3
MicrofiltrationGAC-Based
RO-Based
Not tested 
during piloting
Microfiltration Reverse Osmosis
UV AOP
Aquifer 
Injection
Existing 
Discharge
Sequencing Batch Reactor
(Nitrification/Denitrification)
River 
Outfall
MF-RO-UVAOP Anti-Scalant NaOClLime
CO2
FeCl3
Methanol
NH2Cl
H2O2
NaOCl NH3
Membrane-Based
• Membrane-Based Train 
– Ultrafiltration 
– Reverse Osmosis 
– UV Advanced Oxidation
• Carbon-Based Train
– Coagulation/Flocculation/Sedimentation
– Ozone oxidation
– Biologically Active Granular Activated 
Carbon (BAC)
– Granular Activated Carbon (GAC)
– UV Disinfection
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Pilot Testing Objectives
• Primary Objective
– Compare FW quality between two AWT trains
• Secondary Objectives
– Gain operational experience for HRSD staff with AWT processes
– Establish preliminary design criteria for full scale, where possible
– Monitor FW quality for compatibility with aquifer
– Understand removal of CECs and additional forward looking water 
quality parameters
– Verify the treatment performance during WWTP excursions
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Membrane-Based Pilot 
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Carbon-Based Pilot
38
SWIFT Pilot Process Flow Diagram
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Purified water quality - Functional targets
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Two major water quality aspects to consider:
• User  (human-health) “centric” issues
–Water quality based on regulatory definitions:
oDrinking water standards (MCLs)
oWater Reuse standards (no VA injection standard yet)
• Aquifer “centric” issues
–Anti-degradation criterion – determined by others (DEQ, stakeholders, EPA)
–Aquifer compatibility – water chemistry interactions (pH, alkalinity, etc.)
Preliminary Pilot Testing Results
•Both trains meet drinking water quality standards
•All primary MCLs (regulated) are being met
–Bromate has been the only challenge (expected)
•All secondary MCLs (aesthetics) are being met, except in 
the Carbon-based AWT system:
–TDS (salt) is slightly above 500 mg/L (50%/95% = 523/550 mg/L)
–Sulfate and chloride are consistently less than 250 mg/L
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Chemicals of Emerging Concern (ng/L)
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O3 Eff BAC1 Eff BAC2 Eff
96 96 96 96 96 96 96 96 96 96 96 97 96 96 96 96
Detected 23 21 24 23 9 7 7 0 4 0 1 1 3 1 1 2
4-nonylphenol 180 700 560 1100 320 <100 <100 <100 100 <100 <100 <100 100 <100 <100 <100
Acesulfame-K 800 420 1000 1100 360 310 290 <20 35 <20 <20 <20 <20 <20 <20 <20
BPA <10 <10 16 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Butalbital 24 <5 16 24 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Diclofenac 190 <5 <5 270 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Gemfibrozil 13 6.1 <5 7.2 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Iohexal 5700 1400 8900 7500 4000 1500 1400 <10 15 <10 <10 29 31 <10 <10 <10
Iopromide 6.1 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Sucralose 49000 39000 35000 43000 28000 17000 12000 <100 <100 <100 <100 <5 140 390 110 130
Triclosan 14 13 28 24 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Warfarin <5 8.3 13 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Atenolol 20 16 22 23 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Atrazine 8.2 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Azithromycin <20 <20 <20 140 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
Carbamazepine 220 160 220 220 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Carisoprodol <5 <5 <5 12 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Cimetidine <5 <5 100 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Cotinine 23 12 33 <10 14 14 13 <10 <10 <10 <10 <10 <10 <10 <10 <10
Cyanazine <5 <5 <5 <5 <5 <5 <5 <5 6.7 <5 6.6 <5 <5 <5 <5 <5
DEET 16 52 42 30 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 12
Diltiazem 100 69 75 85 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Erythromycin <10 31 <10 57 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Fluoxetine <10 15 14 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10 <10
Lidocaine 410 270 980 370 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Linuron <5 <5 <5 18 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Lopressor 470 210 390 770 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20
Meclofenamic Acid <5 <5 14 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Meprobamate 22 <5 <5 16 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
Primidone <5 <5 91 130 46 28 21 <5 <5 <5 <5 <5 <5 <5 <5 <5
Sulfamethoxazole 540 370 630 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
TCEP 100 70 91 140 130 81 45 <10 <10 <10 <10 <10 <10 <10 <10 <10
TCPP 230 480 860 980 720 260 110 <100 <100 <100 <100 <100 <100 <100 <100 <100
TDCPP 470 290 130 690 650 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100 <100
Trimethoprim 32 26 9.6 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5 <5
n
Pilot Feed GAC1 Eff GAC2 Eff RO Eff UVAOP Eff
Geochemical evaluation – Aquifer compatibility
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• Treatment processes produce water 
with varying aquifer compatibility
• Carbon-based and Nanofiltration –
generally more compatible
• Membrane-based (RO) – requires 
adding salt, hardness, and alkalinity to 
be compatible
•Evaluation of other plant effluents
•GAC Regeneration Interval
•Ozone dose & bromate control  downstream 
impacts
–CEC removal
–TOC removal
–NDMA generation
–Pathogen removal credits achieved
•Enhanced coagulation with ferric sulfate
•Disinfection byproduct formation
•Performance during WWTP excursions
•Virus challenge testing
Big Questions Remaining
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• Total project in the $1 billion range (120 mgd)
– For 7 plants (not Ches-Liz or Atlantic)
• Annual operating costs $21 - $43 M
• Can only be achieved if EPA allows enough 
flexibility to integrate into wet weather work
– Cannot afford to add SWIFT into existing plan without 
significant rate increases and potential downgrade
– Approximately 50% of HRSD $4.4B CIP will be 
dedicated to wet weather
 Not most important water quality issue
 Plan would be to accomplish critical wet weather issues and 
SWIFT in early years and delay remaining wet weather 
work
Cost Summary
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• Regulatory stability for treatment processes
• Significantly reduced discharge into the 
Chesapeake Bay (only during wet weather)
– 90% reduction of HRSD discharges into James, York 
and Elizabeth Rivers
– Creates source of nutrient allocation to support other 
needs (STORMWATER)
• Potential reduction in the rate of land subsidence
• Sustainable source for groundwater 
replenishment
• Protection of groundwater from saltwater 
contamination
Conclusion – SWIFT Summary of Benefits
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• Consent Decree requires plan submittal with schedule to 
EPA October 2017
– Lose financial ability to pursue water recycling project until 
2037 at earliest
• Bay TMDL deadline is 2025
– Will require more significant investments in nutrient and 
sediment removal without water recycling project
– HRSD is backstop if Agriculture and Stormwater come up 
short
• Groundwater scarcity will continue to get worse
– Will force development of additional water supplies by local 
governments
– Chills development in eastern Virginia 
– Potential loss of water dependent industries
• Next regulation (viruses, emerging contaminants, ???) 
will require plant upgrades
Why now?
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• Complete next phase of study with 
consultant by end of 2016
• Room scale pilot projects – operating 
since June 2016
• 2018
– Demonstration pilot (2 year study)
• 2020
– Permits issued for full scale
• 2020 to 2030
– Construction through phased 
implementation
• 2030 Fully operational
– 120 MGD of clean water put into the 
aquifer
Timeline
48



Questions?
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SWIFTVA.COM
ehenifin@hrsd.com
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• EXTRA SLIDES
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2002
Modeled land surface recovery
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Coag/Floc/Sed-Ozone-BAC-GAC-UV
O3
HRSD AQUIFER REPLENISHMENT STUDY
PROCESS FLOW DIAGRAM
FLOC-SED-OZONE-BAC-GAC-UV PROCESS
Existing 
Discharge
FeCl3
Clarifier Sludge to 
Primary Clarifiers or 
Digesters
Aquifer 
Injection
Floc/Sed
Ozone BAC GAC UV
Injection 
Pump
Backwash Waste 
to Headworks
NaOCl
NaOH
Backwash 
Equalization 
Basin
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TOC Removal
58
TOC Removal – Carbon-Based
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Pilot Feed
Floc Sed
BAC High
BAC Low
GAC High
GAC Low
UVD
Sedimentation Tank Operation
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Ozone dose control
61
Applied dose
Nitrate
Ozone Residual
Bromate Control
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MCL = 0.010 mg/L
BAC – Expected Performance
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GAC Turbidity Breakthrough
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Pathogens and Pathogen Indicators
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ENTEROCOCCUS HUMAN-SPECIFIC E. COLI LEGIONELLA HUMAN
SPP. BACTEROIDES  SPP. 0157:H7 PNEUMOPHILA GIARDIA CRYPTOSPORIDIUM POLYOMAVIRUS
DATE LOCATION COPIES/100 ML COPIES/100 ML COPIES/100 ML COPIES/100 ML COPIES/100 ML COPIES/100 ML COPIES/100 ML
7/21/2016 S1 2.00E+04 7.20E+04 0 0 9.12E-01 0 0
7/21/2016 S3 0 1.23E+02 0 0 0 0 0
7/21/2016 S4.1 0 0 0 0 0 0 0
7/21/2016 S4.2 0 0 0 0 0 0 0
7/21/2016 S5.1 0 0 0 0 0 0 0
7/21/2016 S5.2 0 0 0 0 0 0 0
7/21/2016 S6 0 0 0 0 0 0 0
8/3/2016 S1 7.22E+03 2.80E+04 0 0 3.80E-01 3.80E-01 0
8/3/2016 S6 0 0 0 0 0 0 0
8/3/2016 S10 0 0 0 0 0 0 0
8/17/2016 S1 0 1.51E+04 0 0 0 0 0
8/17/2016 S6 0 0 0 0 0 0 0
8/17/2016 S10 0 0 0 0 0 0 0
8/31/2016 S1 0 4.78E+03 0 0 0 0 0
8/31/2016 S6 0 0 0 0 0 0 0
8/31/2016 S10 0 0 0 0 0 0 0
HUMAN PEPPER MILD MALE-SPECIFIC SOMATIC
ADENOVIRUS ENTEROVIRUS NOROVIRUS GI NOROVIRUS GII MOTTLE VIRUS COLIPHAGE COLIPHAGE
DATE LOCATION COPIES/100 ML COPIES/100 ML COPIES/100 ML COPIES/100 ML COPIES/100 ML PFU/100 ML PFU/100 ML
7/21/2016 S1 0 8.67E+02 0 1.38E+03 2.04E+05 9 22
7/21/2016 S3 4.64E+02 0 0 1.89E+02 7.11E+02 <1 <1
7/21/2016 S4.1 0 0 0 2.57E+02 0 <1 2
7/21/2016 S4.2 0 0 0 1.22E+02 0 <1 1
7/21/2016 S5.1 0 0 0 0 0 <1 <1
7/21/2016 S5.2 0 1.64E+02 0 0 0 1 <1
7/21/2016 S6 0 0 0 0 0 <1 <1
8/3/2016 S1 0 0 0 0 2.44E+05 20 1510
8/3/2016 S6 0 0 0 0 0 <1 <1
8/3/2016 S10 0 0 0 0 0 <1 <1
8/17/2016 S1 0 0 0 0 1.04E+05 4 1410
8/17/2016 S6 0 0 0 0 0 <1 <1
8/17/2016 S10 0 0 0 0 0 <1 <1
8/31/2016 S1 0 0 0 0 0 17 1219
8/31/2016 S6 0 0 0 0 0 <1 <1
8/31/2016 S10 0 0 0 0 0 <1 <1
